This study focused on site-specific preferences of potentially harmful cyanobacterium Gloeotrichia echinulata to occur in lakes with different ecological and trophic conditions. Its pelagic growth was studied in six lakes from
inTroducTion
The planktonic cyanobacterium Gloeotrichia echinulata J. S. Smith ex Richt (Nostocales) generally occurs in oligo-and mesotrophic waters, and is described as one of typical representatives of such conditions in the functional classification of freshwater phytoplankton (Reynolds et al. 2002) . Mass development of G. echinulata has been frequently observed not only in nutrient-poor lakes in Sweden and the USA (KaRlsson-elfgRen et al. 2005 , CaRey et al. 2008 , 2012 , but also in more eutrophic lakes in Denmark (JaCobsen 1994), Estonia or Russia (nõges et al. 2004) . Additionally, G. echinulata may negatively affect human health or disrupt food webs in a lake ecosystem because of its responsibility for producing toxins such as microcystin-LR, which can be harmful to humans and whole aquatic ecosystems (CaRey et al. 2012 ). In Poland, there are only some preliminary data on the toxicity of G. echinulata (Kobos et al. 2013) , or its ability to form surface blooms in lakes in the northern part of Poland (napióRKowsKa-KRzebietKe, HutoRowiCz 2007).
In the benthic phase of Gleotrichia echinulata life cycle, the akinetes germinate, grow on or in the nutrient-rich sediment, form a large colony (up to 3 mm) containing gas vacuoles and then migrate up to the pelagic waters (KaRlsson-elfgRen et al. 2004 ). The pelagic colonies are mainly positive buoyant and large amounts of these organisms can be also found at several water depths due to their translocation to more nutrient-rich waters (KaRlsson-elfgRen et al. 2005) . During the first phase, they take up nutrients, especially phosphorus, from the nutrient-rich sediment, which is sometimes used by pelagic colonies as the only source of the mentioned element (tymowsKi, dutHie 2000) . The recruitment of Gloeotrichia colonies enables effective transport of phosphorus from lake sediments to upper layers of a lake (JaCobsen 1994 (JaCobsen , pitois et al. 1997 (JaCobsen , nõges et al. 2004 ). According to istvanoviCs et al. (1993) , such transport can involve up to 3.8 mg P m -2 d -1 , i.e. as much as up to 66% to a lake's total annual internal P load. Recently, in a composition metric for the phytoplankton-based ecological status assessment of European lakes for the Water Framework Directive (WFD), the genus Gloeotrichia has been described as a taxon with high optima, which should reflect a high phosphorus concentration in lakes (pHillips et al. 2013) .
Despite various reports on bloom-forming G. echinulata occurring in a rather broad range of nutrient concentrations, the data on its ecological and trophic requirements are still scanty. We have hypothesized that the habitat-specific preference of this cyanobacterium allows it to occur and bloom in lakes with different ecological and trophic states. Shoould this hypothesis be verified, it would facilitate the identification of main targets in the water management policy, including decisions to restore lakes which do not meet the good ecological status required by the WFD. 
maTerial and meThods
Phytoplankton data were collected from 6 lowland lakes (4 stratified, 2 non-stratified) in 1986-1988, 2000-2001, 2009 . The lakes lie in north-eastern Poland (the Western and Eastern Europe Units) - Figure 1 . 2005) were calculated based on the Secchi disk visibility and concentrations of chlorophyll a, total phosphorus and total nitrogen, using datasets from summer.
The biological and environmental variables were correlated using the Spearman's coefficient and principal component analysis (PCA) with a correlation matrix (StatSoft, Inc.), and incorporating the data obtained when G. echinulata occurred in pelagic waters. The linear regression was used to indicate the relationships within and/or between ecological and trophic approaches to assess water quality, as well the G. echinulata biomass versus ecological and trophic assessments. It was assumed that relationships were statistically significant at the 0.05 significance level.
resulTs and discussion
In summer (June -September), the mean temperature in the epiliminon (stratified lakes) and in the whole water column (non-stratified lakes) ranged from 11.5 to 22.5°C. The pH and electrolytic conductivity were approximately 8.4 and 323.7 μS cm -1 , respectively, whereas the mean dissolved oxygen content fluctuated between 5.5 and 12.4 mg dm -3 (Figure 2 ). The total nitrogen concentration ranged from 0.7 to 2.2 mg dm -3 , and higher values were noted in the lakes called Mamry Północne, Niegocin and Kirsajty. The concentrations of ammonium nitrogen and nitrate nitrogen were relatively low (on average 0.08 and 0.04 mg dm -3 , respectively). The total phosphorus content reached the highest level of 0.14 mg dm -3 in Lake Niegocin, whereas the lowest TP content (on average 0.05 mg dm -3 ) was recorded in Lake Dąbrowa Wielka and Lake Dąbrowa Mała. Analogously, the highest and lowest concentrations of phosphates were recorded in the same lakes. The mean summer Secchi disk visibility changed between 4.5 and 1.2 m (with the highest value in Lake Mamry Północne and lowest in Lake Hartowieckie). Chlorophyll a reached at the most 40 μg dm -3 in Lake Niegocin and 50 μg dm -3 in Lake Hartowieckie, when the Secchi disk visibility was relatively low. The lowest chlorophyll a concentrations (on average 3.7 μg dm -3 ) were noted in lakes with high visibility. The mean summer content of total nitrogen and total phosphorus was comparable with the mean seasonal concentrations typical of lakes in at least the second quality class, corresponding to at least a good ecological status (Regulation … 2011), analogously to the Secchi disk visibility or electrolytic conductivity. In Lake Niegocin, the TP content was exceptionally much higher. Furthermore, the mean summer chlorophyll a content could indicate that Lake Mamry Północne and Lake Kirsajty belonged to quality class I (high ecological status), whereas the other lakes were classified as class III or IV.
The pelagic phase of Gloeotrichia echinulata, as one of its two-stage life cycles after recruitment from sediments (KaRlsson-elfgRen et al. 2004) , was associated with the summer season, most often in July or August and sporadically in June and September. In this, the Polish lakes were similar to other European lakes, e.g. Lake Erken or Lake Peipsi (nõges et al. 2004 ). The biomass of G. echinulata varied from <0.1 to 7.0 mg dm -3 in stratified, and to 4.0 mg dm -3 in non-stratified lakes ( Table 2 ). The average total biomass of phytoplankton ranged then from 0.5 to 16.3 mg dm -3 , whereas the average biomass of Cyanobacteria fluctuated between less than 0.1 and 8.8 mg dm -3 in all the lakes. During long-term studies of Lake Mamry Północne, significant contribution (40% of total biomass in the epilimnion) of G. echinulata was noted only at the end of August 2000, when surface blooms were observed for the first time (napióRKowsKa-KRzebietKe, HutoRowiCz 2005). This phenomenon indicated considerable changes in phytoplankton assemblages, with a clear tendency towards eutrophy of this lake, prob- Fig. 2 . The selected physicochemical parameters during summer in 1986-1988, 2000-2001, 2009 when G. echinulata occurred in pelagic waters, SEM -standard error of the mean Table 2 Total biomass of phytoplankton, biomass of Cyanobacteria (mean) and biomass of Gloeotrichia echinulata in summer (June-September) 1986-1988, 2000-2001 and 2009 . During the whole period of the Gloeotrichia pelagic growth, the nutrient concentration in these lakes was relatively low. The relationships between selected phytoplankton features and environmental variables were revealed by the Spearman's rank correlation (Table 3) . Cyanobacteria and G. echinulata biomasses had a significant impact on the total biomass. The total biomass and Cyanobacteria biomass significantly and positively correlated with the chlorophyll a content, temperature and pH of water. Significantly negative correlations were found with dissolved oxygen and Secchi disk visibility. Regarding the relationships between Gloeotrichia echinulata and environmental variables, its biomass significantly and negatively correlated with electrolytic conductivity and the content of phosphates. However, the rela- tionship with total nitrogen was not significant statistically. Such close relationships were confirmed by the PCA analysis (Figure 3) . Similar findings of a low oxygen concentration but not low visibility during the domination of G. echinulata have been reported from a eutrophic Danish lake (JaCobsen 1994). In contrast to JaCobsen's observations (1994), the light conditions during the G. echinulata blooms in lakes Dąbrowa Wielka, Dąbrowa Mała, Hartowieckie and Mamry Północne were rather worse than in the other summer months. However, the total phosphorus and phosphate concentrations were relatively low in the surface but high in the bottom layers; besides, negative correlations were found between the epilimnion total phosphorus and Gloeotrichia biomass. Nutrient-rich sediments are very important for the G. echinulata recruitment and consequently for its bloom forming in pelagic waters, and phosphorus absorbed from sediments can fulfil its nutritional requirements (foRsell, petteRsson 1995 , tymowsKi, dutHie 2000 , KaRlsson-elfgRen et al. 2005 , CaRey et al. 2008 . Whereas the P uptake by pelagic colonies may be insignificant, Gloeotrichia can also cover its nutritional needs by N 2 -fixation or TN uptake in the pelagial zone (szász, petteRsson 2000) . The relationships between the biomass of this species or even the whole Cyanobacteria group with total nitrogen proved to be non-significant. Generally, phytoplankton including Cyanobacteria showed statistically significant correlations with TN in other lakes, more or less eutrophied (napióRKowsKa-KRzebietKe et al. 2013 , gRabowsKa et al. 2014 , Zębek 2015 . Fig. 3 . Phytoplankton-environment relations (PCA ordination diagram), the abbreviations of the parameters are given in Table 3   372 The PTI classified 4 lake-years as having a high ecological status and 2 lake-years as the ones with a good status (lakes Mamry Północne and Kirsajty) - Figure 4 . The remaining lake-years, including lakes with high Gloeotrichia biomass, had a moderate status. The PMPL MOD classified 7 lake--years as having a high ecological status, including Lake Mamry Północne with Gloeotrichia blooms in 2000, and one with a good status. The remaining lakes had a moderate or poor status. The trophic state assessment using TSI (on average 51) indicated a meso-eutrophic state in most lakes (Figure 5 ), except for the waters of Lake Mamry Północne in 1987 and Lake Hartowieckie in 2009, which were classified as mesotrophic and eutrophic, respectively. The mean TLI values ranged between 3.4 and 5.5 (Figure 5) , and confirmed the meso-eutrophic conditions of lakes Kirsajty and Mamry Północne in 1986 -1988 -2001 with the exception of MP87 and MP88 (mesotrophic). The TLI values in the other lakes usually exceeded the boundary value of the eutrophic state. Regarding the assessment-impact aspect, the role of G. echinulata biomass was significant only in the PMPL MOD -based ecological status assessment (Table 4) .
Thus, the occurrence of Gloeotrichia echinulata was connected with the lakes being classified from a high to poor ecological status and from . 89, 0.70, 0.45 and 0.23 (for PTI-EQR, according to pHillips et al. 2013) and 0.80, 0.60, 0.40, 0.20 (for PMPL-EQR, according to napióRKowsKa-KRzebietKe et al. 2012) for the high/good, good/moderate, moderate/poor, poor/bad ecological status, respectively the mesotrophic to eutrophic state. Its mass development was observed in lakes representing a moderate (using PTI) or even high and poor ecological status (using PMPL MOD ), and the meso-eutrophic and eutrophic conditions. According to CaRey et al. (2008) , this taxon could significantly affect the phosphorus translocation from sediments to an entire lake, thus accelerating the eutrophication process, and it can represent a significant element in the benthic-pelagic coupling of biogeochemical cycling (i.e. the turnover of nutrients in the form of living matter). Moreover, such phenomena seen in the ecological or trophic context could improve our understanding of biotic-abiotic relations in lake management strategies. for the meso-, meso-eu-, eutrophic trophic state, respectively In the lakes of north-eastern Poland, the pelagic growth of Gloeotrichia echinulata was connected with the warmest period of summer. During its mass development, including bloom events, the light and oxygen conditions decreased significantly. The phosphorus content then remained on a rather low level, although the concept developed for the PTI in assessing an ecological status implies that the genus Gloeotrichia should reflect a high TP concentration assigned to very tolerant or tolerant taxa. G. echinulata tends to occur in a broad range of lakes, from a high to poor ecological status, although -with respect to trophy -it can occur in mesotrophic to eutrophic lakes. Additionally, with its ability affect phosphorus translocation from sediments to an entire lake, thus contributing to the benthic-pelagic coupling of biogeochemical cycling, G. echinulata could accelerate eutrophication. Therefore, it may be a very important indicator of progressive deterioration of a lake's ecological and trophic conditions, providing useful information to the lake's management strategies. GraboWska M., Glińska-leWcZuk k., oboleWski k., burandt P., kobus sZ., dunalska J., kuJaWa r., GoźdZieJeWska a., skrZyPcZak A. 
